The study provides information on the nutritional status of 8-to 10-year-old primary schoolchildren in urban areas of Jakarta and Bogor, Indonesia, based on anthropometric indicators. It compares the use of the anthropometric indicators weight-for-age Z score, height-for-age Z score, weight-for-height Z score, and body mass index (BMI) to assess thinness (underweight and wasted) and overweight in children. A total of 1,367 children were examined. The nutritional status of the 8-to 10-year urban schoolchildren was better than that of urban children under 5 years old. The prevalence of underweight among urban schoolchildren ranged from 7.4% (girls) to 12.95% (boys), while underweight among urban children under 5 years old in 1998 was 29.7%. Meanwhile, the prevalence of overweight (BMI > 85th percentile) ranged from 15.3% (girls) to 17.8% (boys). There were more overweight children in the private schools than in the public schools. On average, private schoolchildren, of all ages and both sexes, were heavier and taller than public schoolchildren. The BMI indicator for "thinness" and "wasting," using the NHANES reference, indicates a false positive result. For detecting overweight in children aged 8 to 10 years, BMI is comparable to the other indices, weight-for-age, height-for-age, and weight-for-height.
Introduction
For more than three decades, Indonesia has focused its nutrition programs on children under five years old in rural areas. Therefore, most available data and information on nutrition are on preschool children, with very little on schoolchildren, especially from urban areas. Studies have shown that the nutritional status of preschool children is steadily improving. In the 1960s, more than 50% of under-five children were underweight [1] . Data in 1995 indicated that the prevalence of underweight children was around 30.5%, which is still the highest among the ASEAN countries [2] . Nutritional data on schoolchildren in Indonesia are scanty. Limited data in 1990 on primary school entrants (age six and seven) revealed that 13% to 17% were stunted [3] .
The Indonesian Sixth Five-Year Development Plan (1993/1994 to 1997/1998 ) gave a high priority to education, primarily basic education. Within 10 to 15 years from 1993/1994, every Indonesian will have had at least nine years of basic education. To achieve this target, more attention has been given to the health and nutritional status of primary schoolchildren. One serious problem with achieving a universal nine-year basic education in Indonesia is the high dropout rates among primary schoolchildren in poor rural areas due to health and nutritional problems, among others. Most of the primary schoolchildren in rural areas are energy deficient, with an average energy intake of 70% of their requirement. The prevalence of stunting among schoolchildren ranged from 13.6% to 43.7%, 30% to 40% were anemic, and 50% to 80% suffered from worm infestation [4] .
The nutritional problem among primary schoolchildren in rural areas is part of the poverty problems faced by most developing countries, including Indonesia. One program being launched in Indonesia to cope with malnutrition in poor primary schoolchildren is the School Snack Program (Program Makanan Tambahan Anak Sekolah, PMT-AS) as an integrated part of a national poverty alleviation program. This program started in 1996, and by the end of the second year (1997/1998) it covered more than 49,000 primary schools with 7.2 million schoolchildren in 26,421 villages of all regions of across the country. Soekirman Soekirman, Hardinsyah, Idrus Jus'at, and Abas Basuni Jahari As in other developing countries in Asia, Indonesia is undergoing an epidemiologic transition. Besides a high prevalence of poverty-related undernutrition, there is a trend toward increasing cardiovascular and other noninfectious diseases, especially in urban areas. In 1972 cardiovascular disease was the 11th leading cause of death, in 1986 it jumped to number 3, and it is now the number 1 cause of death. This transition is correlated with the changing trends of risk factors for cardiovascular disease. For example, the prevalence of overweight and obesity (BMI of at least 30) in urban adults in Indonesia increased from 4.9% in 1988 to 7.6% in 1993, and the prevalence of hypercholesterolemia increased from 13.4% in 1988 to 16.4% in 1993 [5] .
It is believed that the increasing risk factors for cardiovascular disease in adults are associated with eating habits and physical activity in childhood [6] . In Indonesia, data on the risk factors for cardiovascular disease during childhood are limited and focus only on body weight. A small-scale study in Jakarta indicated that about 5% of children 8 to 10 years of age were overweight, based on a weight-for-height index above 120% of the median [7] . There are no baseline data to determine whether there is a trend toward overweight and obesity among schoolchildren in Indonesia. However, with ongoing improvement in the socioeconomic status of people, it is believed that the prevalence of overweight and obesity in adults as well as in children will increase if there are no prevention efforts.
The present study attempts to answer some questions concerning the nutritional status, eating habits, and activity patterns of primary schoolchildren in Jakarta and Bogor, Indonesia.
Research questions
What is the nutritional status of the schoolchildren? Is there any significant number of children who are overweight? Is there any difference between using weight-for-age, height-for-age, and weight-for-height indices compared with body mass index (BMI) for detecting thinness or underweight and wasting ?
Objectives of the study
The general objective of the study was to provide information on the nutritional status of 8-to 10-yearold primary schoolchildren in urban areas of Jakarta and Bogor, Indonesia, based on anthropometric indicators. The specific objectives were to assess the nutritional status of the children based on indicators of underweight (weight-for-age), stunting (heightfor-age), and wasting (weight-for-height); and to assess the comparability of weight-for-age, height-forage, weight-for-height, and BMI indices for detecting underweight, wasting, and overweight in children.
Benefi ts of the study
Most nutrition studies in Indonesia have taken place in rural areas. There are very few studies on urban populations, especially on schoolchildren. This study is expected to encourage further urban nutrition studies in Indonesia. Nutritional status data are needed for developing specific nutritional guidelines and nutrition education materials for schoolchildren, as a part of the nutrition program to improve their nutritional status, including the prevention of overweight and obesity.
The results of the study are expected to be complementary to those of similar studies carried out concurrently in Manila, Philippines and Kuala Lumpur, Malaysia. All three studies were funded by International Life Sciences Institute of South East Asia (ILSI SEA).
Methods

Location
The study was conducted in Bogor and West Jakarta. Bogor is a city of 1.5 million, 60 km south of Jakarta, the home of a world-famous botanical garden and a national university of agriculture. Bogor is located about 500 m above sea level and is situated within West Java province. The rate of urbanization is relatively low. Since the 1990s, more people have commuted from Bogor to Jakarta to work because housing and living costs in Bogor are less expensive than in Jakarta. Compared with that of Jakarta the population in Bogor is relatively homogeneous. The gap between low-and high-income families is not as large as in Jakarta. The weather is cool most of the year because of rain and the high altitude.
West Jakarta is one of the five municipalities of the capital city of Jakarta. West Jakarta is a fast-growing area with a population of about two million (25% of the total population of Jakarta), with several different ethnic groups. It has a large number of families of low education and income who live in slum areas. There are also enclaves of expensive housing.
Sampling
The study population consisted of primary schoolchildren aged 8 to 10 years from Bogor and West Jakarta. A multistage stratified random sampling was applied according to location, type of school (public or private, reflecting the socioeconomic level of the family), age (8, 9, and 10 years), and sex.
In Bogor there are 329 primary schools (302 public and 27 private) with approximately 90,000 children aged 6 to 12 years. In West Jakarta there are 709 primary schools (517 public and 192 private) with about 200,000 schoolchildren 6 to 12 years of age.
Calculation of sample size was based on the average height of children 8 to 10 years of age (132.2 cm; SD 6.7 cm) from several primary schools in Jakarta. With a 95% confidence interval, an acceptable alpha error of 5%, a power of 80%, and an expected deviation from the population mean of 0.5 cm, the estimated total sample size is about 1,400 schoolchildren.
The number of sample children was calculated proportionally for each location [8] . The number of children for Bogor = 0.317 × 1418 = 449, and for West Jakarta = 0.683 × 1418 = 969.
With an average of 90 schoolchildren aged 8 to 10 years per school, 16 schools were required to obtain the total sample of 1,400 schoolchildren. The 11 schools in Jakarta and the 5 schools in Bogor were selected by a proportionate-to-size technique based on the total number of schoolchildren aged 8 to 10 years and the number of schools (public and private) in each location. There were approximately 15 children per age-sex group in each school.
Variables and data collection
The body weight and height of each subject were measured using the anthropometric measurement techniques recommended by Jelliffe [9] and WHO [10] . Body weight was measured using an electronic scale 890 (SECA, manufactured for UNICEF using technology developed in Australia) with a precision of 0.1 kg, and height was measured using a microtoise with a precision of 0.1 cm. All measurement tools were periodically calibrated. The children were weighed and measured in the morning before class started. To avoid any refusal or objection to the measurement, female staff members measured the girls. The children were not allowed to wear shoes, caps, or any accessories that might influence their actual body weight and height. To obtain more accurate data on body weight, a sample of the clothing usually worn by the children was weighed to obtain a correction factor for each agesex group. The correction factor of daily clothes was 350 g for girls and 250 g for boys. All measurements were carried out by well-trained staff. The schools provided data on each child's age.
Data quality control
Prior to actual data collection, the field staff, who were new graduates from the School of Nutrition, Department of Health, Jakarta, and the Department of Community Nutrition and Family Resources, Bogor Agriculture University, were trained by experts in nutritional assessment. All questionnaires were pretested before the study was implemented. For anthropometric data, a precision and accuracy test was employed during the training to identify a group of reliable measurers. In addition, there was intensive supervision during data collection.
Data management
Data were verified by checking the consistency of information in the completed questionnaires prior to the data-entry process. All incomplete questionnaires were excluded. The data were then entered using Epi-Info version 6.10 software. The data were cleaned independently by double entry of 10% of the questionnaires. If any difference was found in the data, all the data entered were rechecked.
Data analyses
Before the data were analyzed, some new variables were generated, including: Z scores and percentile values of weight-for-age ("underweight" indicator), Z scores and percentile values of height-for-age ("stunting" indicator), Z score and percentile values of weightfor-height ("wasting" indicator), and Z score and percentile values of body mass index ("overweight" indicator). The WHO [10] reference standards were used to generate values for the first three indicators. For BMI classification tables suggested by WHO [11] and by Must et al. were used [12] .
The cutoff point of -2 Z scores was used to detect the underweight, stunting, and wasting status of the children. For overweight and obesity, the cutoff points were the 85th and 95th percentiles of BMI, respectively. For the purpose of analysis on the comparability of various indicators of thinness, the 5th percentile of BMI was also used. To further explore the growth pattern of schoolchildren, the prevalence was presented by location, age, type of school, and sex. In addition, the average growth achievement according to the Z scores for weight-for-age (WA), height-for-age (HA), and weight-for-height (WH) indicators were also presented in the same manner as those of the prevalence.
Results
Sample profi le
The anthropometric data from 1,367 children (687 boys and 680 girls) who participated in the study were analyzed for their underweight (weight-for-age), stunting (height-for-age), and obesity (BMI) status. However, data from only 1,245 children could be analyzed for wasting (based on weight-for-height) status, because of the limitation of the weight-forheight reference in the WHO publication (female up to 137 cm and male up to 145 cm). There were 890 children in West Jakarta and 477 children in Bogor. Table 1 indicates that at the ages of 8 and 9, boys were heavier than girls. However, by the age of 10 years, girls were about 1 kg heavier than boys. The same pattern is also shown for mean height. At ages 8 and 9, boys were taller than girls, but at age 10 girls were about 1.5 cm taller than boys. The weight and height data of the schoolchildren from this study follow Tanner's velocity curves, in which girls begin their adolescent growth spurt (especially height) earlier than boys [13] .
Mean weight and height
For all ages and for both sexes, private schoolchildren were heavier and taller than public schoolchildren. This is expected, because school status (private or public) is a proxy for social and economic status of the parents. Private school parents are economically and socially better off than parents of public schoolchildren. Figure 1 shows that, on average, the weights and heights of private schoolchildren were equal to or greater than the international/WHO-NCHS growth standard, whereas those of public schoolchildren were far below the international standard.
An attempt was made to compare the growth pattern of the schoolchildren with those found in a similar study carried out in private schools in Bandung (the capital city of West Java province) in 1978 [14] . There is a trend toward improving physical stature of the schoolchildren born in later years. The younger children are better off than their older fellows. As indicated in the Bandung study, two decades ago the physical stature of schoolchildren at the same age was much lower than that in the present study. The children in our study have been benefiting from a better social and economic environment. Table 2 displays the mean value of weight-for-age Z scores and the prevalence of underweight (< -2 SD weight-for-age). In general, the mean weight-for-age Z score for both boys and girls indicated that the nutritional status of private schoolchildren was better than that of public schoolchildren. The total mean values of weight-for-age Z scores of boys and girls in public schools were -0.93 and -0.84, respectively, whereas those of children in private schools were 0.24 and -0.18. However, the standard deviations for all of these mean values were large. As a consequence, some children fell below -2 SD and some above 2 SD. Underweight was more prevalent among children in public schools than among those in private schools. The distribution of overweight (> 2 SD weight-forage) was the opposite of that of underweight. The prevalence of overweight was higher among children in private schools than among those in public schools. The prevalence of overweight among boys in private schools was about six times higher than that among those in public schools (14.95% vs. 2.33%). Similarly, the prevalences of overweight among girls in private and public schools were 6.76% and 1.31%, respectively. Table 3 displays the mean value of height-for-age (HA) Z scores and the prevalence of stunting (< -2 SD height-for-age). As for underweight, the mean heightfor-age Z scores of boys and girls in private schools were in general higher than those of children in public schools. The linear growth of the young children (8 years), as represented by the mean height-for-age Z score, was better than that of the older children (9-10 years). Stunting was higher among children in public schools than those in private schools. Again, according to ages, stunting was greater in older children (9) (10) years) than in younger children (8 years) . As a whole, the problem of stunting among children in public schools was more than two times greater than that among children in private schools.
Mean Z score and prevalence of underweight and overweight based on weight-for-age indicator
Mean Z score and prevalence of stunting based on height-for-age
Mean Z score and prevalence of wasting and overweight based on weight-for-height indicator
The mean values of weight-for-height Z scores and the prevalence of wasting (< -2 SD weight-for-height) are presented in table 4. The mean values of weightfor-height Z scores indicated that in general the status of children in private schools was slightly better than that of children in public schools. This finding was also supported by the prevalence of wasting, which was higher among children in public schools (6.25% for boys 4.39% for girls) than among children in private schools (3.96% for boys and 2.37% for girls).
In general, overweight (based on > 2 SD weight-forheight) was greater among children in private schools than those in public schools, particularly among boys. For boys in private schools, overweight was about three times higher than for boys in public schools. In girls the problem of overweight was about the same in private and in public schools. As in the nutritional 
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Nutritional status of urban primary schoolchildren. 2 situation based on weight-for-age, the pattern of overweight based on weight-for-height was not consistent across ages. Table 5 presents the mean values of BMI according to sex, age, and type of school. In general, the mean value of BMI was higher among both boys and girls in private schools than among those in public schools, particularly for the older ages (9-10 years). In general, the prevalence of thinness (below the 5th percentile) among boys was higher in public schools than in private schools (27.48% for public schools and 16.36% for private schools), whereas among girls there was only a slight difference (18.78% for public schools and 16.22% for private schools). This finding was similar for each age group.
Mean BMI and prevalence of thinness and overweight
On the other hand, the prevalence of risk of obesity (≥ 85th percentile) was clearly higher among children in private schools than that among those in public schools. The risk of obesity was 32.74% for boys in private schools and 10.99% for those in public schools. For girls the prevalence of obesity was 21.17% for those in private schools and 12.45% for those in public schools. These findings were similar in all age groups for both boys and girls.
Discussion and conclusions
Nutritional status
In general, the nutritional status of urban schoolchildren aged 8 to 10 years in Bogor and Jakarta was better than that of children under 5 years of age. The prevalence of underweight was 7.4% in girls and 12.95% in boys, whereas in 1998 the prevalence of underweight among children under 5 years of age was 29.7%. Meanwhile, the prevalence of overweight (BMI ≥ 85th percentile) ranged from 15.3% in girls to 17.8% in boys. There were more overweight children in private schools than in public schools. The nutritional status of private schoolchildren, both in Jakarta and Bogor, was better than that of children in public schools. This result is in agreement with the use of school status (public or private) as a proxy for social and economic status of the parents. Parents of children from private schools were better educated than those of children from public schools. The anthropometric data also demonstrated that the growth pattern of children from private schools on average was close to the WHO reference standard. This supports the established concept that the growth potential of underprivileged children is influenced more by environmental conditions than genetic factors [15] .
Linear growth achievement
The study found that the younger children were taller relative to the older children when they were the same age. Schoolchildren's height has been considered a valid indicator of the nutritional status of the population and a proxy for the socioeconomic condition of the population [16, 17] . The linear growth of the schoolage children is the reflection of their nutritional status during the preschool period, particularly during their critical growth period (the first two years of life).
This study showed that the average growth of 8-yearold children is better than that of 9-year-old children and that of 9-year-old children is better than that of 10-year-old children. In addition, the average linear growth of children from families of higher socioeconomic status (those attending private schools) is better than that of children from families of lower socioeconomic status (those attending public schools). Assuming that the measurement errors are random across study subjects, the differences might be associated with nutritional status during the preschool period. The question is, What was happening during their critical growth period? At the time of the study, the critical growth years for children currently 8 years old occurred in 1990 to 1991; for children 9 years old, it occurred in 1989 to 1990; and for children 10 years old, it occurred in 1988 to 1989. During the critical growth period of these children, other sources of data indicated that there had been a continuous improvement of the nutritional status of children aged 0 to 5 years [18] . This improvement is likely to be reflected in school-aged children. The nutritional status of younger children is relatively better than that of the older children when they were the same age.
Comparability of different anthropometric indices: wasting (weight-for-height) versus thinness (BMI) indicators
Anthropometric data analysis revealed that the BMI indicator of "thinness" (based on NHANES reference values) might not provide similar information to weight-for-height as an indicator of wasting. The proportion of wasted (< -2 SD weight-for-height) and thin (below the 5th percentile of BMI) children is not the same. The figure is higher when the BMI is used than when the weight-for-height indicator is used. Therefore, using the 5th percentile of BMI to detect wasting results in more false positives.
To determine overweight, this study analyzed the use of BMI and the Z scores for weight-for-age, heightfor-age, and weight-for-height. BMI proved to be comparable with other indices for detecting overweight among children aged 8 to 10 years. However, BMI is not appropriate for detecting wasting and thinness for that age group. Therefore, the use of the tables from WHO [11] and Must et al. [12] to assess nutritional status should be considered. 
